This paper argues that the wide geographical distribution of desert kites, which are huge archaeological structures of stone visible from satellite images, must be more broadly acknowledged as a momentous factor in the study of their variability and function. This is important so that researchers can more accurately understand and interpret their impact on biodiversity, landscapes and subsistence patterns. The first results and perspectives of the Globalkites research project are discussed and presented. Often considered as hunting traps, the kites could have also been used for animal husbandry. In a broader archaeological context, where kites seem to have been operating from the Neolithic to recent historical times, we propose an interdisciplinary approach at the crossroads of anthropology (archaeology and ethnology), geomatics and Geographic Information Systems (GIS), geostatistics, mathematics and computerized data processing and geoarchaeological and bioarchaeological sciences (isotope studies, paleoclimatology, archaeozoology…). The principal aims of the project are to clearly articulate the variability of the structures and their relationship with the function and chronology of the kites. It is also crucial to discuss the wide distribution of these structures across the Middle East and Central Asia as a global phenomenon and the ideas that explain the dispersal and movements of people and/or traditions must be addressed.
exceptional potential for in-depth study of this phenomenon. More can therefore be concluded regarding the use of kites across time and space. The main issues that the project concemed itself with relates to the kites' function and their dating: is it possible to distinguish kites used as hunting traps from those meant as corrals for domesticated animals or which are in the process of being used as such? Furthermore, what is the time frame of the use of the kites? Other fundamental issues were also the focus of the project such as the geographical spread and explanations for this extension: either cultural convergence or real interregional technical diffusion? Finally, the adaptive strategies by human groups must be addressed, as should issues of bio-economical regulations in a fragile environment context such as potential overexploitation of wild animal species and the ownership of an exclusive territory by humans. This paper presents the main (old and new) problems linked to the kite phenomenon, by means of the study of regional faunas and environments. Three fields of approach Fig. 1 The inventory of kites at the scale of their distribution area; see also the Globalkites Interactive Map freely accessible at www.globalkites.fr will be presented: geomatics, geoarchaeology and computer sciences. All present and future studies of the Globalkites project will subsequently be based on these analyses and heuristic tools in order to focus on the kite phenomenon in its areas of wide distribution.
The Function of Kites: A Device for Hunting and/or for Animal Husbandry?
Several theories about the function of kites have been posited since the 1920s. These argued in favor either on their function as hunting traps or on their use for pastoral activities (Rees 1929; Maitland 1927; Fowden 1999) . Decades later, the issue is far from being solved. Recent studies consider kites in the Levant in general as mass killing traps for wild game, especially gazelle (Holzer et al. 2010; Bar-Oz et al. 2011; Bar-Oz and Nadel 2013; Zeder et al. 2013) . By contrast, earlier studies have elaborated on the progressive and multiple uses of kites. The function of these structures could have shifted from trapping herds to taming wild animals and managing livestock (Échallier and Braemer 1995) . In all the cases, the concept, construction and the use of kites suggests the collaboration of either group of people or of a community. These communal activities are reflected by the large number of kites recorded, the wide geographic range of kite dispersal, the size scale of kites, and by their possible function for trapping a large number of animals.
In addition, a wide range of discovered rock art engravings depict 'kite' trapping scenes with animal and human figures (Jordan: Harding 1953; Betts and Helms 1986; Hershkovitz et al. 1987; MacDonald 2005 ; Syria: Picalause et al. 2004 and Uzbekistan: see Betts and Yagodin 2000) . It is nevertheless impossible to identify whether the scenes reflect either the hunting of wild games or the management of livestock (Fig. 2) .
The Hunting Model
Hunting as a possible function for kites reflects community involvement, a preference for hunting traps and the occurrence of wild animals in the vicinity of kites. Travelers' accounts dating to the sixteenth, nineteenth and twentieth centuries describe scenes of gazelles hunting using kite structures in Syria and Jordan (Burckhardt 1831; Wright 1895; Sinclair and Fergusson 1902; Musil 1928; Doughty 1931; Simpson 1994; Jabbur and Conrad 1995;  for more details, see Rowley-Conwy 1987 and Rowley-Conwy 2000) . Meanwhile, ethnographical studies ( Fig. 3 ) refer to Bedouin societies who practice communal hunting using trapping techniques similar to kites and outline the different roles and statuses of hunters, as well as the complexity of mass trapping and killing device. For instance, in the Sahara and in Arabia, nets are used instead of stone-lined kites (Desombre 1946; Chapelle 1957; Sergeant 1976; Bin Aqil 2004; Baroin 2006) . These traps made of perishable materials were also used outside the desert zones of Africa (Dupré 1976) . This type of hunting recalls a long tradition can be seen in engravings and painted scenes in the Akakus and the Tasili-n-Ajjer (Le Quellec and Civrac 2010) .
Much wild game, in terms of ecology and ethology, is likely to be trapped by means of a system of kites: bovids (sheep, goat, aurochs, gazelle, oryx…) , equids, camelids and ostriches. These species occur in specific biotopes across the dispersal area of kites from the deserts (Arabia, Jordan), steppes (Syria) and the semi-arid plateaus (Transcaucasia) to Mediterranean ecosystems (the Levant), and mountainous zones (e.g. Transcaucasia). (Picalause et al. 2004: 2) ; b drawing of Cairn of Hani rock arts, Jordan (Harding 1954) ; c tracing panel of rock drawing from Wadi Hashad, northeast Jordan (Hoyland 2001: 95) ; d painting scene of hunting using nets, Akakus and Tasili-n-Ajjer (Le Quellec and Civrac 2010: 255); e Khishâm-2, rock G28, Hemma, Syria (Picalause et al. 2004 : 2); f drawing of rock engravings from Sinai (Bar-Oz and Nadel 2013); g tracing of hunting scene petroglyph, Har Micha, central Negev (Degen 2010: 149) ; h Hippone mosaic, northeastern Algeria (Fowden 1999: 132) ; and i drawing of an engraving of Sassanian royal hunt scene of deer in arteficial compound, Iran (Reed 1965) Herbivorous ungulates are preys suitable for trapping by means of a system of kites. They occur in groups and/or herds and some of them protect themselves by regrouping Fig. 3 Ethnographical observation: a hunting traps according to Toubou tribes, Sahara (after Baroin 2006: 39) and b reconstruction of a gazelle hunt at Abu Hureyra, Syria (Legge and Rowley-Conwy 2000) in defensive formations. For example, gazelles were once very common in steppe and arid areas and accounted for the most favorable candidates for kite-type trap systems. Observations on gazelle behaviour (Gazella gazella and Gazella dorcas) revealed that these herbivores tend to run parallel to low walls/fences and thus can be easily directed by antennae of kites toward the trapping enclosure (Holzer et al. 2010) . In the case of goitered gazelle, (Gazella subguttorosa), corresponding data is lacking, but it is known that under stress or in danger, these gazelles react instinctively by escaping in a closely packed formation and run in a straight course, backward or forward, in front of the pursuer (Kingswood and Blank 1996) . Gazelles in general migrate seasonally according to the availability of forage (Harrison 1968; Martin 2000a) . They are gregarious and occur in small groups. But, in the case of goitered gazelle, they migrate in herds numbering in the hundreds or thousands. Group structures change between the warm and hot season. Three configurations can occur: female adults with juveniles, solitary male adults and sub-adult males (Kingswood and Blank 1996) .
Unfortunately, little is known about the exploitation of trapped animals within the kites immediately after hunting. The only evidence was generated from the ethnographical observation of Bedouin societies and from accounts of travelers who have either seen or heard about kite use in Syria and Jordan.
Archaeozoological data clearly reveals that bone remains of wild ungulates such as gazelles, aurochs, ibex, equids and cervids were the principal game hunted. They occurred from the Paleolithic times in the Levant, northern Syria, Mesopotamia and Transcaucasia. In Arabia, equids, antelopes and camelids were the main culled species. During the Neolithic, along with the domestication of sheep, goats, cattle and pigs, hunting practices still evolved and continued to focus on the same species found in the vicinity, but tended to gradually decrease in importance with time (Davis 1982; Vila 1991; Bar-Oz 2004; Helmer et al. 2004; Gourichon 2004; Gourichon et al. 2006; Uerpmann 2008; Sapir-Hen et al. 2009; Martin 1998; Martin et al. 2009; Tsahar et al. 2009; Bălăşescu et al. 2010; Chahoud and Vila 2011) .
Hunted game was either trapped alive (Musil 1928; Jabbur and Conrad 1995: 288; Fowden 1999) or mass slaughtered, and the entire game carcasses or body parts were carried away (Sergeant 1976; Baroin 2006) . However, remainders of meat processing including discarded material, evidence of butchery, and meat conservation are not apparent in the archaeozoological record. Scarce archaeological data reveal mass kill spectrum or settlements specialized in carcass treatment at sites close to the kites. Recent studies on the Khabur region have revealed one butchering site (Kuran, mid 4th millennium BC) with remains of carcass disarticulation (bones of gazelle feet). This Northern Syrian site is located near the Hemma kites group (Zeder et al. 2013 ).
The Husbandry Model
The pastoralism model suggests the use by transhumant societies of kites as enclosures for gathering domesticated animals. Some authors have interpreted the scenes of trapped animals in rock engravings as livestock management (Rees 1929; Échallier and Braemer 1995; Jabbur and Conrad 1995) .
In the Middle East, pastoralism and transhumance were the dominant economic practices until the last century (Bar-Yosef and Belfer-Cohen 1989; Mashkour and Vila 2003; Ur and Hammer 2009 ). This region is a natural distribution zone for four domestic ungulates highly exploited from the Neolithic period onwards: sheep, goat, cattle and pig. The breeding pattern, based mainly on ovicaprine transhumance, implies the annual migration of pastoral populations with their flocks. This indicates the need for seasonal camps to protect the animals in isolated fragile environments, as well as enclosures for concentrating livestock-the rounding-up of the latter for inspection or other purposes (D'Hont 1994) . Kite structures could reflect this use, hence the interpretation of kites as structures related to livestock rearing.
Current research dates the domestication process of these ungulates back to the 8th millennium BC (Helmer et al. 1998) . The main source of animal protein, previously based on wild game meat, was replaced during the Neolithic by livestock and dairy products. Domesticated animals became the daily basis of diet and the centre of the economy of Neolithic and Bronze Age societies, according to animal remains attested on most archaeological sites (Grigson 1987 (Grigson , 2006 Vila 1998 Vila , 2006 Martin 2000b; Horwitz et al. 2001 Horwitz et al. , 2002 Peters et al. 2005) . In archaeozoological records, caprines dominate faunal assemblages in the Near East, Arabia and Transcaucasia since the Neolithic period (Vila 1998 (Vila , 2006 Martin 2000b; Horwitz et al. 2001 Horwitz et al. , 2002 Grigson 2006; Bălăşescu et al. 2010; Vila and Helmer 2014) . It is possible to state that the economy was based on husbandry and not hunting activities based on archaeozoological data from Bronze Age sites in Syria, taken from a concentration of several hundred kites (e.g. Khirbet al-Umbashi (Southern Syria): Vila 2004; Al-Rawda (Steppe, east of Hama): Vila and Al Besso 2014). If it is posited that kites were used for hunting gazelles, it should expected that there is a significant frequency of wild game bone in the assemblages. Consequently, if a direct relationship exists between kites and settlement, the question arises of whether kites were already in existence, but not used during the Early Bronze Age of this area or whether they were subsequently built. Alternatively, one can assume kites were used by the inhabitants of the region for the management of livestock.
Archaeozoological Analyses
In order to identify the function of kites, a complete analysis of faunal remains from archaeological sites needs to be carried out in order to correlate kite and faunal distribution. The study of the function of kites is considered in close connection with an investigation on animal resources and human subsistence strategies. Hunting and/or pastoralism models using kites imply a need for the gathering of large numbers of animals, choices in consumption and an exploitation of animal products. Analysis of the animal remains whether either slaughtered games or livestock, mortality profiles, body part selection, provides valuable insights into both the human use of animals in the past, as well as probably on the methods of acquiring these resources, whether related to kites or not.
So far, no global analyses of archaeozoological records have taken into account the variability and distribution of kites in relation to the availability of animal resources, their procurement and their consumption. This should be done in order to examine the correlation between kites as massive traps/enclosures and the demands of ancient societies. Furthermore, there does not appear to be a direct relation between the consumed wild game found on settlement sites and hunting and capture zones. By integrating structure, geographic location and function of kites and correlating these with animal occurrence (current and historical) and bone assemblages in the areas of kites (Middle East, Arabia and the Caucasus), it would be possible to establish several functional patterns. These patterns could be used to test the validity of each model in order to suggest a possible connection with kites. If the ecology and behaviour of animals were considered as vectors, it would be possible to examine the consistency of hunting and/or pastoral uses in conjunction with the regional management of animal resources.
Several analyses were carried out with this aim in mind: (a) the study of animal remains from the excavation of kites; (b) the recording and mapping of current and ancient distribution of species. This project focused on the ungulates; (c) the creation and filling of a database of archaeozoological analyses which include regional and chronological features of sites. The main issue is to homogenize the dataset from different publications and current studies to be able to analyze and compare ancient animal distribution, the animal-based economy and the evolution of wild game or livestock dependency during the Holocene. (d) Analyses of the ecology and ethology of animals likely to be trapped by kites. For instance: the classification of gazelles remains complex despite recent phylogenetic analyses (Bärmann et al. 2013; Lerp et al. 2013) . Nevertheless, three main species of gazelles in the Middle East can be distinguished (Harrison 1968 ): mountain gazelle (G. gazella), dorcas (G. dorcas) and the goitered or Persian gazelle (G. subgutturosa). Mountain gazelles are endemic to coastal regions and mountain ranges of the Levant and the Arabian Peninsula. The dorcas gazelle is a subspecies in the southern Levant, Sahara and East Africa. The goitered gazelle is widespread in the Near and Middle East and in an area spanning from the Arabian Peninsula to south Mongolia and the Caucasus (Kingswood and Blank 1996) . This gazelle subspecies lives in desert and semiarid biotopes of all types. (e) Ethnographical study must be conducted to explore different forms of pastoralism according to available studies, to make observations relevant to current livestock management and transhumance practices and by examining hunting techniques. These ethnographical records can serve as a benchmark for the study of the function of kites.
Three patterns should be cross-examined according to period and region for a global approach on the management and use of animal resources, using theses analyses: archaeozoological data, animal occurrence and behaviour and ethnographical studies. Cross-matching these patterns in this larger framework with other aspects of kites in the Globalkites project could enable a better understanding of the function of kites and their possible relevance to a cultural timeline. It would then be possible to examine the viability of the three-tiered system relating trap-hunters and prey, on the one hand, and/ or enclosure-shepherd and flock and the kites themselves, on the other. In other words, throughout these archaeozoological, ethological and ethnographic analyses, a feasibility study is proposed of: animal occurrence, mobility and role in ancient society, activities of the hunters/pastoralists who might have built and used the kites, their need for such trapping system and the benefits of these structures.
Environmental Perspectives
The environmental contexts of the kites are periodically mentioned and described in the literature and authors generally agree on the fact that the location of kites in the landscape reflects choices, most often recurrent. These were guided by a profound knowledge of the environment and of the biotic communities that constitute it, and by a special awareness of faunal behaviour. This Traditional Ecological Knowledge (Berkes 2008: 7) is, according to B.D. Smith (2013: 10), a fundamental aspect of societies who used structures such as large-scale traps. Several criteria have been suggested for the establishment of kites based specifically on traditional ecological knowledge.
Review of the Criteria Relevant to the Choice of Location for Kites
The proposals that explain the choice of locations exclusively emphasize the links between environmental characteristics and the behaviour of wild fauna. The criterion most frequently mentioned for the choice of kite construction is the search for food, and less importantly for water as these were guided by daily and seasonal cycles. Many authors posit the view that kites were constructed and oriented at the regional scale in relation to faunal migration routes (Helms and Betts 1987; Perevolotsky and Baharav 1991; Betts 1998; Betts and Yagodin 2000; Deom and Sala 2009; Morandi Bonacossi and Iamoni 2012; Kempe and Al-Malabeh 2013; Brochier et al. 2014 ). While at the local level, their construction is connected to daily itineraries as well as to the availability of pasture zones and water holes (Helms and Betts 1987; Perevolotsky and Baharav 1991; Betts and Yagodin 2000; Holzer et al. 2010; Nadel et al. 2013) . Topography is the second criterion most commonly suggested (Helms and Betts 1987; Betts and Yagodin 2000; Holzer et al. 2010; Morandi Bonacossi and Iamoni 2012; Nadel et al. 2013; Quenet and Chambrade 2013; Brochier et al. 2014) , i.e. essentially the taking advantage of a change of slope hiding the enclosure until the animals either approach or enter it and therefore either preventing or substantially curtailing any likelihood of flight. It was concluded that the direction of either the sun or the prevailing winds was less important in the choice of location for kites (Échallier and Braemer 1995; Nadel et al. 2013 ).
These hypotheses are inspired or comforted by ethnographical observations carried out on European or North American large-scale traps (e.g. Ingold 1980; Arkush 1986; Gordon 1990 ). Nevertheless, the basis of some of these hypotheses was questioned despite the recurrence of patterns for kite location (Échallier and Braemer 1995) . It can be argued that the study of environmental contexts and their relationship to kites has not until now been the focus of neither a systematic and comprehensive approach, nor of a comparative study at a scale that covers their area of distribution.
A New Systematic and Global Approach for the Environment of Kites
The study of the environment of kites is designed to determine the role of environmental conditions in the construction of structures dedicated to subsistence activities. The analysis of resources and environmental constraints enables researchers to understand how and why these activities were carried out. The Globalkites project addresses these environment studies by means of three spatial analyses. At the micro-regional scale, the reconstruction of the kites in their natural context aims to understand choices for the location of kites and explaining their use(s) and the way(s) they operated. At the regional level, this means a study of the environmental zone which was inhabited by the human groups who used the kites. A comparison of data at the macro-regional scale will enable both the similarities and the discrepancies in the choices of where kites were placed as well as the exploitation strategies of kites according to environmental zones to be grasped. The environment is tackled through three aspects that were researched: climate, natural resources and topography. Furthermore, owing to the relationship between environment, animal presence and kites' location, environmental studies and archaeozoological analysis are carried out in closely interrelated manner.
Climate
The Near East has a Mediterranean climatic regime, with rainy winter and dry summers. This has been the case for approximately 17,000 years (Issar and Zohar 2007: 53) . The climate is characterized by a substantial decrease of rainfall from the West to the Southeast. In the current state of knowledge, kites are restricted to semi-arid to desert bio-climatic zones, which means they are found where annual rainfall ranges from 100 to 600 mm. Kites are generally absent from the most humid zones and in certain cases from the driest regions. This specificity needs to be explored in detail, and it is important to establish if the reasons for such distribution are preferentially human and/or environmental. The succession of climatic oscillations during the Holocene had a greater or weaker impact depending on periods and regions (Migowski et al. 2006; Robinson et al. 2006; Verheyden et al. 2008; Develle et al. 2011) . This climatic stress possibly had an influence on the development and abandonment of kites, especially when these were used over a quite short time span.
Climatic aridity and seasonality are causes for constraints on vegetation and fauna, as well as on human settlement. These constraints can lead to a number of adaptations, especially those affecting lifestyles and subsistence and the development of socioeconomic and technical innovations (e.g. pastoral nomadism, hydraulic installations). Were kites one of the forms of adaptation to these constraints and were they used year-round, or during one or several seasons in particular? As widely observed, climatic seasonality in part influences the subsistence activity cycle, particularly guided by the differential distribution in space and time of the quantity and quality of potential resources (Monks 1981) . The hypothesis of an establishment of kites in relation to faunal seasonal migrations will be explored further, as will be the issue of seasons during which the kites would have provided the best returns.
Natural resources
Climatic characteristics of arid zones are the reason for the predominantly low and open natural vegetation, at times concentrated in certain micro-catchments and microenvironments more favorable to its development. They are also the cause of a temporary access to surface water in large areas. Échallier and Braemer (1995:50, 60) are not convinced of the potential link between the vegetation and the hydrographic network and the kites themselves. However, vegetation distribution redirects faunal daily itineraries and could have therefore influenced the implantation of kites. Furthermore, access to drinking water remains an important element to be taken into account. The authors mention the recurrent location of southern Syrian kites at the margins of zones where water was found at certain times of the year. Moreover, Burckhardt (1831: 220) observed gazelle hunts carried out with devices akin to the kites in concept, noted that enclosures were located close to water holes and sources, since these attracted gazelles in the summer. Water and natural vegetation are therefore studied in a seasonal perspective, i.e. the differential distribution and availability during the year of these two resources. The presence of water resources would have provided reasons important enough for the selection of specific locations for kites. Some animals are 'obligate drinkers', i.e. they need regular access to a water resource. This need becomes critical during the dry season. For other species, pasture grounds suffice to ensure water requirements, some animals even practicing a mixed strategy (Speth 2013: 179) . The natural resources including vegetation and water and the faunal distribution from the Holocene period, based on archaeozoological analyses of the Globalkites project, are currently being mapped together.
Topography
An observation of relief and terrain, understood from the features that it comprises (e.g. plateaus, mountain ranges), enables researchers to outline diversified catchments. Some initial preliminary observations can be put forward based on spatially orientated inventory of kites.
Those kites at the highest elevations are located in Armenia, since their altitudes are approximately 1,500 m above sea level (asl). Apart from those in Armenia, elevations above 1,500 m concern only restricted zones within the distribution area of the Near Eastern kites: the Anti-Lebanon/Hermon ranges and the central Jabal al-'Arab in Syria, and some very localized sectors in southwestern Jordan and northwestern Arabia, as well as in the southwest of the Arabian Peninsula. Apart from those kites in Armenia, only 7 % of kites are located at an elevation above 1,000 m asl. These are in Syria on the eastern slopes of the Jabal al-'Arab, Southern Palmyrena ranges and north of the Anti-Lebanon. The norm is a location of kites at between 500 and 1,000 m asl (70 %), with two thirds of the kites found between 500 and 750 m. This upper limit in elevation (1,500 m), therefore, does not seem to be a sufficiently relevant datum, and in any case cannot be compared at the macro-regional level. Yet on a regional scale, elevation must be confronted to wild fauna occurrence in higher mountains, as well as to vegetation.
One observes primarily, at the macro-regional scale, that kites are absent from plains, endoreic depressions typical of arid areas and from the core of mountainous sectors. They are, in contrast, preferentially implanted on the latter's foothills and the piedmont, as well as on plateaus (most often of basalt). Were kites effectively associated with these environments in particular? For what reasons and why are they absent from certain types of environments? An answer to these questions lies in the confrontation of data related to the environment and to that relevant to subsistence activities.
At a finer scale, the systematic analysis of the positioning of kites and of their various elements, in relation to local topography and components of the landscape, greatly contributes to the study of the kites' inner workings. It was often observed that the existence of a change in slope hid the enclosure from the corridor formed by the antennae. New recurrent elements should be identified. This concerns for instance the position of the cells in relation to the enclosure, sometimes also hidden by a change in slope (as observed in Jordan). Another element could also for example be the existence of a corridor, such as a river or streambed, which would have enabled the easy redirection of the animals towards the kite (see Arkush 1986 on the hunting of pronghorns).
The analysis of environmental contexts consequently yields an overview on potential and the constraints linked to animal capture zones and environments. It also clarifies the relative difficulties in the selection of geographic location of kites and issues of human subsistence. Therefore Geographic Information System (GIS) is essential in order to observe kites from a global perspective.
GIS as a Critical Tool for a Geographical Understanding of the Kites Phenomenon
In terms of all the archaeological issues related to the kites, one the most important is their geographical dimension. More precisely, the spatial component is intertwined with most issues posited by these installations-distribution of animal species, layout and arrangement of environmental settings, control and territorial layout, economic networks, diffusion phenomena, etc… The spatial component is related to the ecosystem which is that it is to the anthropo-systemic sphere. The approach therefore derives from general geography, both human and environmental. The question of scale is also ever-present, from the macro-regional scale to that of the architectural element.
The use of GIS becomes from then on unavoidable: the variety and quantity of data and their spatial and multi-scalar character in themselves justify its use for the recording and consultation of inventories. Representational functionalities ensure moreover being able to face the (in principle recurrent) need for mapping documentation. The anticipated use of GIS also is due to the very functions of analysis, and these are suitable to make the tool heuristic since it allows the cross-matching of data, distributional analysis, analysis of distances and geo-statistics.
Inventories
The study of kites at the scale of their area of distribution presupposes an inventory which is as comprehensive as possible. Indeed, the information source which shows the greatest homogeneous character consists of high-resolution satellite imagery. The images at the public's disposal, provided by Google Earth and Microsoft Bing, are complementary in that they give an almost complete and comprehensive high resolution coverage. The inventory partly derived from recent publications on kites (Kempe and Al-Malabeh 2013; Kennedy 2012; Morandi et al. 2012) , was completed by meticulous and detailed research and today has reached a figure of more than 4,300 items (Barge et al. 2013 ). The precise geographical location of these kites is the GIS's first feature class. It includes a feature attribute table with some twenty fields which allows information to be stored on size (length of antennae, enclosure surface…) as well as and information on figures, numbers, counts or on the presence of architectural elements (number of small cells, position of the latter, presence of a funnel-shaped entrance…) This information is being entered digitally. If the detailed information required on the totality of kites in the inventory is too long and too painstaking a process, a meaningful sample could allow numerous analyses (see below). At this general scale, environmental and zoological data are also in the process of being incorporated. The set of these data are gathered in a spatial database, which moreover includes a Digital Elevation Model (DEM).
It is at either the regional or micro-regional scale that one can best grasp the issues relating on the one hand to kite implantations in a given environmental setting and territorial structuration, and on the other to the functioning of kites. To this end, 'windows' were established while taking into account both the kite distribution and data availability (from fieldwork or if this was lacking from bibliography). A spatial regional database, which was interfaced with the general spatial database, corresponded to each window. One of these windows concerns the region of the Aragats in Armenia, where three fieldworks have already taken place. Jointly to the punctual implantation of kites, one finds a feature class of archaeological sites. Kites and their constitutive elements are described in a feature dataset, which includes a feature class called 'walls'. Within it, these 'walls' of kites were digitally recorded either from high-resolution imagery or from a ground plan in the field (drawn with a Trimble Differential GPS).
In this case, the attribute fields enable the description of the construction technique (simple or double facing), and the height and width of walls in homogeneous sections. This feature dataset also includes specific feature classes meant to describe the small cells (types, dimensions), subdivisions, as well as the eventual presence of other elements (for instance tombs). It also comprises feature classes meant to record work in the field (soundings, profiles and sections, field samples). Kites which were studied were also the focus of aerial photography using a kite. Photogrammetry from this pictures enables to obtain ortho-photographs and DEM at a very refined scale (Fig. 4) . This set of documents is stored in a spatial database, which coincides with the regional window. Fig. 4 Cell L14-01, example of ortho-photography (to the left) and of hilshade derived from a DEM (to the right) produced by photogammetry and stored in the spatial database
Mapping
Mapping is a source of documentation which is of prime importance when dealing with the issue of kites. The functionalities of automatic representation, just like those of publishing, are subsequently applied. The scale of documents produced can be very variable, from general distribution area to architectural components of a kite. For greater scales, Mercator transverse projections are used, with a UTM strip coinciding with the relevant zone. For small scales, a conical Lambert consistent projection concentrated on the distribution area of kites to be defined.
Simple distribution maps can therefore be drawn (Fig. 1) . In particular, it is quite relevant to separately map the different descriptors obtained from satellite imagery. This enables researchers to pinpoint if elements of size or presence of certain architectural attributes show a particular form in terms of spatial distribution. Figure 5 for instance shows that the length of antennae is a rather important criterion in isolated kites (Fig. 5a ) or whether the orientation of kites conforms to that of slopes (Fig. 5c ). This example taken from Armenia nevertheless possesses limited significance in that this region shows quite consistent morphological unity. Undoubtedly, these maps will enlighten clearer differences when they will be redrawn and published at a regional scale, and they will be very useful in discerning regional peculiarities.
Maps at more refined scales are interesting in that they reveal the insertion of kites into the environment and expose their architecture. It is at this scale that the functioning of kites or sets of kites can be grasped. Figure 6 shows the alignment of kites and their position in relation to the edge of the volcanic flow. Here the antennae point uphill and encircle the rim of the plateau which is of low inclination and enclosures on the slope of the flow's edge and entrance where the slope changes. The plans of kites reveal their architecture, the eventual specificities or superimpositions. Kite 67 (Fig. 7) , for example, is probably later than a more ancient kite since it is only a pointed cell survives (to the north-east), while its enclosure wall was destroyed to the west by medieval occupation. Finally, these documents also help in locating where fieldwork has been carried out (Fig. 8) . 
Modes and Methods of Analysis
In many ways, it is difficult to select the most efficient types of analysis, since possibilities offered by the GIS are so varied. The possibilities include: spatial crossmatching of information, closest neighbor analysis, analyses of distances, distributions and the combinations of descriptors (Rodier et al. 2011) . The orientation of GIS research relies heavily on information that both previously gathered and to be collected in the future.
However, several approaches can already be imagined because they were tested in Armenia. Statistical analysis and a geo-statistic examination of details (from satellite imagery) make scholars expect interesting results. Multiple correspondence analyses are aimed at revealing original combinations that are recurrent. What is projected is to identify in more secure fashion the regional specificities that are perceived in a rather more obscure and empirical manner, and subsequently seek to interpret these results. These specificities can be rendered discrete and eventually explained eventually by functional, chronological and environmental factors. Conducted in Armenia, this research has enabled emphasizing the morphologically homogeneous character of this sub-set. It has also permitted the allotment of a distinct function from that of kites to a set of installations which, without possessing of all attributes of kites, do present some of their salient features.
Cross-matching certain characteristics of kites with environmental parameters can also yield interesting functional clues. In Armenia for instance, the link between the direction of the opening of kites and the orientation of slopes was proven (Barge and Brochier 2011) . The direction of the opening of kites is in effect an interesting element of data that some associate with the hunting of migrating animals (Morandi Bonacossi and Iamoni 2012). However, it seems quite awkward to state this in the absence of reliable data on migrations on the one hand, and given the unavailability of regional comparisons for the direction of openings on the other. In Armenia, given the general orientation of slopes towards the east and southwest, it is difficult to determine with precision the part played by gradients and slopes. Consequently preferential orientations could not either be confirmed or disproven. At the level of the entire set of kites, Fig. 6 The Aragats kites (Armenia) at the scale of a single slope these analyses will undoubtedly provide relevant clues because topographical contexts often stand in greater contrast and the directions of openings become more clearly apparent.
At the same scale, but with less certainty because the necessary data remains unavailable, it was planned to search for regularities in the relationship between environmental data and the location of kites. One can in fact observe that kites are located both in zones marked by aridity, in sectors void of any tree cover and places with a marked topography. These cross-matches should entail confirmation of this fact and yield more precise details on the matter. This type of cross-matching should also be conducted on the archaeozoological data. In particular, localized data on fauna from different periods at archaeological sites could be compared to kite distribution and could provide answers on the species concerned by these huge trapping devices. In the cases where the available data does allow this, the relationship between kites and settlement patterns of a given territory (sedentary, nomadic) can on the one hand be assessed, and settlement dynamics examined. Such analysis can be undertaken by carrying out analyses of relative distances between archaeological sites (occupied at different periods) and the kites themselves. Finally, but on a more experimental level, the functions of complex distances that include directions of displacement (supposed migrations) and the roughness of terrain (geographical constraints) should be called upon to attempt to create a model of animal displacement, the aim being to test functional hypotheses.
Geoarchaeology and Chronometry: Two Complementary Approaches
An unavoidable prerequisite of any archaeological discourse is the dating which is both relative and absolute. This problem remains despite a century after initial discovery particularly difficult to tackle. Of the thousands of kites known in the Near East, very few have been excavated and even fewer subjected to chronological analysis. The most numerous and the most reliable data come from kites in the Sinai and the Negev (the analyses concern five of the seventeen known kites) where the constructions were used between the end of the fourth and the third millennium BC (Kobusiewicz 1999; Holzer et al. 2010; Nadel et al. 2010) . But these dates only provide information only on the chronology of kites that are very particular morphologically and outside the Syro-Jordanian region, where they are both much more numerous and varied. Elsewhere, chronological indications are rare and rather unclear. In any case, they do not allow one to assess whether the kites were used over millennia from the very beginning of the Neolithic either beforehand, or only during one or several brief periods. However it appears that the end of the fourth and the third millennium were the main periods of use (Échallier and Braemer 1995) . The great morphological diversity observed in both Jordan and Syria (Helms and Betts 1987; Échallier and Braemer 1995) , the frequent Fig. 8 Cell L14-01 (Aragats, Armenia): localization of fieldwork (topographical profile, soundings) and photographs at ground level modification in plan and of course the accounts of usage in the modern period argue that kites were used over a long time frame.
Two complementary chronological approaches have been developed in the framework of the Globalkites project: geoarchaeological analysis which rests essentially on the analysis of anthropogenic dust and absolute chronological measurements.
Anthropogenic Dust and Relative Chronology
The kite cells, which are generally deep, are the places where sediment, both windblown and/or from runoff, have most commonly accumulated since abandonment of the constructions. Consequently, they preserve the traces of a long history of visits by men, by their livestock or by wild animals. The method, developed during the study of the Syrian steppe's pastoral enclosures (Brochier 2014) , was successfully transposed to the case of the Aragats kites in Armenia. Without entering into the arcane intricacies of a complex methodology, something already detailed by Brochier et al. (2014) , the Armenian example has brought to light the fact that since their abandonment the cells were filled by detrital sediment mixed with biogenic remains originating from domesticated and/or wild ruminants visiting the kite and its immediate surroundings. What was in fact observed was the presence of carbonated faecal spherulites, siliceous phytoliths (although part of them no doubt were the result of natural decay of local vegetation) and above all numerous remains of silicified unicellular algae very classically associated with ruminants' faeces (Brochier2002). Settlements, characterized mainly by wood ash (calcitic pseudomorphs after calcium oxalate, or POCC; Brochier and Thinon 2003) are, in all cases, extremely hard to identify. Following pioneering works by Smol (1985) , one has become aware of the balance between diatom frustules and chrysophycean statospores during the course of time, as a function of anthropogenic disturbance which was the reason for the catchment's eutrophisation. It is this very feature that allows us to follow anthropogenic disturbances in a given geographical sector, to measure their impact and, by comparison with spectra obtained in dated rural settlements, to order the different stratigraphic sequences observed. The example of the Aragats (Fig. 9 ) demonstrates that the studied kites are considerably earlier in age than the Middle Ages. This fact is confirmed by some rare cases of superimposition which is a particularity that has been discussed elsewhere (Helms and Betts 1987: 50; Échallier and Braemer 1995: 54; Zeder et al. 2013: 115) . They additionally enable one to proceed to a screening of samples for radiocarbon analysis.
Absolute Chronology
Apart from exceptional examples from the Negev and Sinai, the absolute dating of these constructions is a particularly difficult task. In the framework of the Globalkites project, two methods seem in our opinion to be applicable in many cases: the measurement of residual radiocarbon and Optically Stimulated Luminescence (OSL). In some geological contexts and specific environments such as the case of the Aragats the uranium-thorium (U/Th) method applied to carbonated crusts also appears to be able to provide results.
During excavation carried out in the cells of the kites, it was rare to encounter either wood charcoal or carbonized seeds, and finding them deep down in stratigraphic layers was an even scarcer occurrence. The procedure that routinely applied consists in sampling, washing on a fine mesh (0.5 mm) and sorting out under a binocular magnifying glass the residue from several kilograms of sediment sample extracted from the soil, while bearing in mind the stratigraphy. Experience demonstrated that carbonated material, both in Armenia and Kazakhstan, despite being not very abundant, is often present in sufficient quantities to be analyzed through modern AMS techniques. One should in particular emphasize the frequent occurrence in these fills of two types of biogenic carbonates potentially yielding reliable results: millimeter-large fragments of bird eggshell and limestone seeds of Boraginaceae of the Lithospermum genus. Indeed the ability to gather the tens of milligrams necessary to produce a date is possible. The presence of charcoal and of bone splinters is much more random. This type of research, though necessary, nevertheless in all cases only provides researchers with a terminus ante quem. The greatest difficulty resides in the determination of a terminus post quem. The problem can only be solved on a case-by-case basis, depending on geological, stratigraphic and architectural contexts, by calling upon radiocarbon analyses, OSL or U/Th.
A Mathematical and IT Processing Approach to Kite Recognition
An important aspect of the project is the development of a pattern recognition tool that will be based on the specific shapes and sizes of kites. This tool will allow a comprehensive inventory of these structures worldwide. The systematic identification Fig. 9 L59.01 cell. Examples of the evolution of relative proportions of diatom frustules to chrysophycaean statospores; the horizontal grey stripe marks the position of a level yielding some bone splinters. Absolute chronological benchmarks in italics; in normal fonts dates estimated by comparison with the spectra of known periods. Note modern (and present day) eutrophisation of humid zones of kites on satellite images from Google Earth enables to delimit this phenomenon from a spatial viewpoint. It also allows a determination of other hunting or pastoral developments that are analogous to kites but must be culturally excluded.
The identification of objects in images is a fundamental scientific issue in many fields and industrial applications. Indeed, the recognition of objects and shapes in images is one of the most difficult problems of computer vision. In fact, the same object can seem completely different depending on the standpoint, the scale, the lighting, quality of images and many other factors such as partial occlusion and background add-on. Applied to the analysis of satellite images of Google Earth-type, we will process the images in order to minimize these drawbacks, especially lighting, color changes and background add-on.
We can classify object recognition methods into four main approaches (van de Sande et al. 2010 ): geometry and matching, sliding windows, deformable models, and feature extraction and classification. The latter approach currently gives the best results regardless of the type of objects. However, the other approaches may be particularly effective according to the context. In particular, when the desired object has a structured form, which is the case of kites, the geometry and matching approaches are particularly interesting. We propose in this study to go beyond the traditional boundaries of geometry-matching and feature extraction-classification approaches and combine the advantages of both approaches in a new model for object detection based on a graph modeling of images. A graph is a modeling tool composed of a set of vertices and a set of edges that connect the vertices.
Graphs are frequently used in image recognition. The main advantage of using graphs for the representation of images is the integration of spatial information in the representation. Indeed, conventional representations such as color histograms, texture descriptors, etc. provide no information on how the regions of interest of the image are arranged. The graph representation allows us to describe the structure of the image, i.e., how the parts are arranged relatively to each other. Moreover, according to the chosen types of relationships, this graph representation (Fig. 10) can be invariant under certain transformations such as rotations of the image or translations of parts of the image.
Graph theory is a powerful tool for studying complex combinatorial structures. Among the major research topics in the field that develop methods for the design and manipulation of complex structures, we can cite: graph embedding, graph decomposition and partitioning and graph Kernels (Haussler 1999; Dong et al. 2008; Bunke and Riesen 2011; Lagraa et al. 2014) . Graph kernels construct the similarity between complex objects using the similarity of parts of these objects (Haussler 1999; Gärtner et al. 2003) . The basic idea is that it is easier to design a similarity function between small parts than similarity function between objects made of these parts. To do so, graph decomposition and partitioning are important issues. Graph embedding generally aims to represent the graph structure by a vector, for example by computing its distance to a set of graph prototypes (Emms et al. 2007 ).
The problem of kite recognition using graphs can be viewed as a set of steps as follows;
Step 1 is characterized by modeling a kite by a graph and constructing a set of graph prototypes for kites. An initial model for kite recognition is established, based on archaeological and geographical knowledge. This model will be gradually improved with the feedback of archaeologists and geographers (experts on the results provided by the model). During Step 2, the following tasks are realized for each processed image:
(a) extract the kite from the image using image processing tools, (b) represent the kite with a graph, and (c) compare the obtained graph with the prototypes of Step 1 to verify Fig. 10 Main steps of the kite recognition tool: a a kite as it appears on a satellite image, b the kite after image processing (segment detection and noise suppression), and c a graph representation of a kite that it is really a kite (and not a river for example). Figure 10 illustrates the results of tasks 1 and 2 using the actual version of the tool under implementation.
To achieve these two steps, several challenges must be addressed. The first challenge is to identify the most appropriate graph representation of a kite. This representation must bring together the topological structure of the kite and its corresponding semantics. Then, it proposes efficient algorithms for matching the obtained representations. This turns into sorting, retrieving the algorithmic methods of graph matching, and then adapt them to the research issues of kite identification. A second challenge is to enable a kite identification that tolerates errors or imprecision in the query. Indeed, the kites have several forms depending on their state of preservation. Thus, it is suitable to offer approximate matching algorithms that express situations where kites are more or less preserved. A third challenge in this project is related to the complexity of the graph matching algorithms that have exponential execution time in the general case. However, for some subclasses of graphs, algorithms with polynomial complexity have been proposed. So it is important to identify subclasses of graphs corresponding to kites in order to apply the most efficient algorithms, or propose new algorithms.
Other application areas are also seeking and assessing basic tools for searching and comparison of structures represented by graphs. We can cite for example: biology and biochemical networks, organic and molecular chemistry, the analysis of documents, the semantic web and databases, etc. Thus developing an efficient and fast platform for recognizing objects by graph matching is an interesting scientific advance in the field of pattern recognition with applications in several domains.
Final Remarks and Conclusions
The kite is a landmark that reveals a way of occupying territory. It is an architectural feature of social groups, which hence left a reflection of their territory and catchment. However, these people have sometimes left very few traces enabling their identification. If the extent and density of these installations is taken into account, the kite is a massive phenomenon whose role was probably crucial in the development of societies in these arid regions. Therefore the perspective is inverted in relation to traditional archaeological research, where groups are most often identified by their domestic settlements, with their subsistence modes still undefined. The kites, as a phenomenon, are therefore a challenge for the archaeologist in that they require creative and new approaches. The approaches used by of the Globalkites project are multiple and complementary.
On the larger scale, digital tools (GIS and pattern recognition) could answer questions which have been scarcely addressed until now. The GIS this is at the core of the project, both due to its capacities in structuring inventories and to its ability to produce cartographic documents. This centrality also means that the relevance of results from analyses is still difficult to assess. The more related approaches (geoarchaeology, environmental studies, and archaeology) will have produced solid results (chronological data in particular), the more one will be able to mobilize the range of possible analyses with the GIS and the more results are likely to be relevant. Furthermore, the mathematical and IT processing approach for kite recognition will propose a collection of models for kites that can be used for other archaeological remains, provide answers to the questions surrounding kites and their environments, and develop approaches for the identification of kites. It will also provide new approaches for pattern recognition on images that can be adapted to different contexts and application frameworks, propose scalable pattern recognition algorithms, and finally validate these algorithms in a real application domain. Analyzing highresolution images to locate kites, carrying out a field survey to examine structures, excavation and sampling, are all stages in the process. The recording and the analysis of dusts might be what breaks new ground in the future when it comes to chronology. The results of surveying and dating, combined with a description of the kites in GIS data are to be analyzed concomitantly with the mapping of animal distribution, archaeozoological recording and the environmental information.
Obviously, the kites phenomenon, because of its global range, was probably more influential than previously thought. The human-animal relationships mediated by these constructions have both ecological implications (for instance the environmental impact of these activities), and socioeconomic ones (i.e. territorial demarcation and control). In order to better understand the actually recognized importance and particularly widespread distribution of this phenomenon, it will be useful to reassess data quality and to refocus studies both within a precise context and in a global perspective.
